Interleukin-21 (IL-21) is an immunomodulatory cytokine with pleiotropic effects on both innate and adaptive immune responses, and is produced by natural killer (NK) T cells, CD4 + T cells, and T helper 17 cells. IL-21 actions in-
clude positive effects as enhanced proliferation of lymphoid cells, and increased cytotoxicity of CD8 + T cells and NK cells, and negative effects as direct inhibitory action on the antigen-presenting function of dendritic cells 2 .
NK cells (CD3 − CD56 + ) are innate immune effectors that play a pivotal role in the anti-inflammatory response and tumor surveillance, and in addition they are newly identified protagonists in the pathogenesis of psoriasis with distinctive homing properties to psoriatic skin, particularly the CD56 bright CD 16− cell subset 3 . IL-21 was found to have multiple effects on NK cells development and function 4 .
The present work aimed to investigate the changes in serum IL-21 level and in the frequency of peripheral NK cell phenotype subsets in psoriasis patients in comparison to healthy subjects, and to relate them to each other, and to disease severity in a trial to elucidate the role and inter-relation of these immune effectors in the pathogenesis and severity of psoriasis. Thirty untreated psoriasis patients and twenty age and sex-matched healthy controls were included. Psoriasis severity was assessed by psoriasis area and severity index Table 1 . There was a statistically significant increase in serum level of IL-21 in psoriasis patients compared to controls (p=0.001). Serum level of IL-21 showed a significant positive correlation with PASI score (r=0.793, p=0.001).
This increase in serum level of IL-21 in patients with severe psoriasis could be attributed to the more pronounced inflammatory cell milieu which is the source of IL-21 production. This higher level of IL-21 could share in initiating and augmenting the inflammation and epidermal hyperplasia which were reflected as an increase in psoriasis severity. Sarra et al. 5 , confirmed a reduced epidermal thickness and reduced inflammatory cell numbers in xenograft from mice treated with IL-21-specific antibody. They stated that IL-21 might play an important role in psoriatic epidermal hyperplasia, parakeratosis, and inflammatory infiltration 5 .
In the current study, flow cytometric analysis revealed sig- Fig. 1 ). Consistent peripheral NK cell reductions were previously reported and attributed to shortened NK cell survival or keratinocyte-secreted chemokines (CXCL10, CCL5, and CCL20) that recruit peripheral NK cells to inflamed psoriatic skin 3, 6 . Indeed, receptors for these chemokines were identified in high levels on NK cells infiltrating psoriatic skin 3 .
Of note, we detected a significant positive correlation between the frequency of CD3 − cells represent the activated, cytokine-production efficient NK cell population, and so they could be more severely recruited to lesional psoriatic plaques in patients with higher PASI, and their cytokine products might add to inflammation severity and keratinocyte proliferation. In this study, none of the changes of peripheral NK cell subsets showed any statistically significant correlation with serum level of IL-21 (all p＞0.05).
As the effect of IL-21 on NK cell biology is sophisticated depending not only on its concentrations, but also on presence of other cytokines 9 , these complex interactions could explain the detected absence of significant direct correlation between changes in peripheral NK cell populations and serum IL-21 levels in psoriatic patients in our study. For example, when IL-21 is combined with IL-7, IL-15, and stem cell factor, it augments the generation of NK cells in vitro. Moreover IL-21 can augment the cytolytic activity of NK cell, with IL-21-induced expression of killer inhibitory receptors on these cells. IL-21 can act synergistically with IL-15 to augment the production of IFN-γ and granzyme-B by NK cells 10 . IL-21 can augment proliferation of NK cells, and its low concentrations are stimulatory whereas higher doses are often inhibitory 2 .
Collectively speaking, the manifest alterations detected in this work in serum IL-21 level and peripheral NK cell population in psoriasis suggest their important roles in the complex web of psoriasis pathogenesis. Cross-talks between them are thought to be multifactorial, but not clearly established yet. Our study might provide insight into application of serum IL-21 and peripheral percentage of CD3 − CD56 bright CD16 − NK subset as predictors of psoriasis disease severity. Moreover, targeting IL-21 might be a potential immunotherapeutic hope for psoriasis. Further work is needed to study the use of NK cell modulation therapy in psoriasis.
